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(54) ION EXCHANGE FILM AND ITS USE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an ion exchange film having low water permeability, though it is 
thin, capable of carrying out dialysis at high permeation speed of an acid or alkali when used for diaphragm 
for diffusion and dialysis and useful for recovery, etc., of waste acids and waste alkalis by limiting film 
thickness and water permeability of the ion exchange film within a specific range. 

SOLUTION: In this ion exchange film constituted so as to pack (B) an ion exchange resin in the space part 
of (A) a porous film made of a thermoplastic resin (e.g. a porous film with 10,000 to 500,000 weight 
average molecular weight having 0.05-5 i m average diameter and 30-95% porosity) as a matrix, the film 
thickness is controlled to 10-150 i m and water permeability at 25° C is controlled to 5 x 10-8 
m3/h/100 kPa. The ion exchange film is obtained by impregnating, e.g. a monomer composition comprising 
a monomer having a functional group or ion exchange group capable of introducing ion exchange group and 
a crosslinkable monomer and a polymerization initiator into the component A while degassing under 
reduced pressure, polymerizing the monomer composition and as necessary, introducing an ion exchange 
group thereinto. 
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•* NOTICES * 

m 

Japan Patent Office is not res pons ib^^ror any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ion exchange membrane which uses porous membrane made of thermoplastics as a base material, 
and it is the ion exchange membrane with which it comes to fill up the opening section ion exchange resin r 
and thickness is 10-150 micrometers, and is characterized by the water permeability of the water in 25 
degrees C being h/100 or lesskPaof 5x10-8m3/. 

[Claim 2] The diaphragm for diffusion dialyses which consists of ion exchange membrane according to claim 
1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ion exchange membrane used for the diaphragm for 
dialysis, the diaphragm for cells, a sensor, etc., especially the ion exchange membrane suitably used as a 
diaphragm for diffusion dialyses. 
[0002] 

[Description of the Prior Art] Ion exchange membrane is used general-purpose as the diaphragm for 
dialysis, a diaphragm for cells, etc. Among these, the diffusion dialysis using ion exchange membrane is 
economical separation technology with little energy expenditure which carries out separation recovery of 
these using the diffusion phenomenon of the acid by the concentration difference, or alkali. Therefore, 
applying this diffusion dialysis is increasing importance from viewpoints, such as effective use of 
environmental protection and a resource, in recent years as collection management technique of the waste 
acid which the discharge is increasing as industrial waste, or a spent caustic. 

[0003] By the way, as for the ion exchange membrane used for diaphragms for dialysis, such as such a 
diffusion dialysis, excelling in a mechanical strength or chemical resistance is desirable, for this reason, 
porous membrane made of thermoplastics is used as a base material, and the film which filled up that 
opening section with ion exchange resin is used suitably. And ion exchange membrane which uses such 
porous membrane made of thermoplastics as a base material, For example, after it carries out impregnation 
of the monomer constituent which consists of the monomer which has a functional group suitable for 
installation of an ion exchange group, a cross linking agent, and a polymerization catalyst to this porous 
membrane made of thermoplastics and it carries out a polymerization to it, generally it is manufactured by 
the approach of introducing an ion exchange group, the method of carrying out impregnation of the solution 
made to dissolve ion exchange resin in a solvent to this porous membrane made of thermoplastics, and 
making a solvent remove, etc. (JP,6-32981 5 A JP,1-22932,A, etc.). 
[0004] 

[Problem(s) to be Solved by the Invention] However, the ion exchange membrane obtained by the above 
approaches had the problem which cannot make water permeability unsatisfactorily small enough. That is, 
the above-mentioned ion exchange membrane was that with which the ion-exchange-resin solution or 
monomer constituent which carry out impregnation to the porous membrane made of thermoplastics 
cannot invade fully easily to the detailed section of the opening section of this base material, a volume 
change is also further produced since a solvent is removed after impregnation if it is in the approach of 
carrying out impregnation of the ion-exchange-resin solution, and ion exchange resin is hard to fill up into 
high density to the hole detailed section of this base material. Therefore, in such ion exchange membrane, 
the detailed hole where it does not fill up with the above-mentioned ion exchange resin densely remained a 
little, and, thereby, was not able to make membranous water permeability unsatisfactorily small enough like 
the above. 

[0005] Then, when such ion exchange membrane was used as a diaphragm for dialysis, remarkable water 
penetrated the inside of the film toward the dilution room side during dialysis from the dialysis room side, 
the seepage flow of the acid which permeates a dialysis room from a raw material room side by this flow, or 
alkali was barred, and the problem to which the transmission rate of an acid or alkali falls had arisen. In the 
case of the diffusion dialysis to which osmosis of an acid or alkali is performed by only the diffusion 
phenomenon, especially lowering of this transmission rate was remarkable. 

[0006] moreover, when a pressure differential arises between raw material room liquid and dialysis room 
liquid by fluctuation of the operating environment of the equipment under dialysis Transparency of the 
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water from the above-mentioned eventration room side to a dilution room ^|^becomes strong further, 
or strong transparency of the wate^^^n a dilution room side to a concentral^^oom side arises. In the 
case of the former The acid from the above-mentioned raw material room side to a dialysis room side and 
the transmission rate of alkali fall further. In the case of the latter The problem which accompanies to 
osmosis of this water and other impurity ion in a raw material room (it is polyvalent metal ion if it is 
recovery of the acid using anion exchange membrane and is recovery of the sodium hydroxide using a 
metal ion and cation exchange membrane) penetrates in a dialysis room was also produced. 
[0007] As mentioned above, in the ion exchange membrane which uses sufficient thermoplastics nature 
porous membrane as a base material, and is excellent in a mechanical strength, water permeability was 
very small, and to develop the ion exchange membrane which can dialyze with the transmission rate of the 
acid which was excellent when it used as a diaphragm for diffusion dialyses, or alkali was desired. 
[0008] 

[Means for Solving the Problem] this invention person etc. has inquired wholeheartedly in view of the 
above-mentioned technical problem. Consequently, the product made of thermoplastics is used as a base 
material, and it succeeds in water permeability developing very small ion exchange membrane, and came to 
propose this invention. 

[0009] That is, this invention is ion exchange membrane which uses porous membrane made of 
thermoplastics as a base material, and it is the ion exchange membrane with which it comes to fill up the 
opening section ion exchange resin, and thickness is 10-150 micrometers, and is characterized by the 
water permeability of the water in 25 degrees C being h/100 or lesskPaof 5x10-8m3/. 
[0010] Moreover, this invention also offers the diaphragm for diffusion dialyses which consists of the 
above-mentioned ion exchange membrane. 

[0011] That is, the description of this invention is in ion exchange resin and the point of filling up with the 
so-called ion exchange resin of a hydrocarbon system especially, thoroughly substantially at the opening 
section by this free passage hole of the porous membrane made of thermoplastics. The water permeability 
of the ion exchange membrane of this invention can be set as the range of desired by the high hydrocarbon 
system ion exchange resin of the hydration force serving as ion exchange membrane of the gestalt 
distributed in the porous membrane made of thermoplastics in this way, raising the restoration nature of 
the ion exchange resin to this porous membrane made of thermoplastics, and adjusting ion exchange 
capacity and fixed ion concentration. 

[0012] Here, thermoplastics is used without a limit of polyamide resin, such as fluorine system resin; nylon 
6, such as vinyl chloride system resin; polytetrafluoroethylenes, such as a polyvinyl chloride, a vinyl chloride 
vinyl acetate copolymer, a vinyl chloride-vinylidene-chloride copolymer, and a vinyl chloride-olefine 
copolymer, poly trifluoro ethylene, polychlorotrifluoroethylene resin, Pori (tetrafluoroethylene- 
hexafluoropropylene), and Pori (tetrafluoroethylene-perfluoro-alkyl ether), and Nylon 66, etc. Since it has 
reached to an extreme to a mechanical strength, chemical stability, and chemical resistance, it is desirable 
especially to use polyolefin resin. 

[0013] As polyolefin resin, the homopolymer or copolymers of an alpha olefin, such as ethylene, a 
propylene, 1-butene, 1-pentene, 1-hexene, a 3-methyl-1-butene, 4-methyl-1-pentene, and a 5-methy|-1- 
heptene, are mentioned. Among these, in this invention, polyethylene and polypropylene are desirable and 
especially polyethylene is desirable. As for the weight average molecular weight of polyolefin resin, 10,000- 
500,000 are [ 10,000 or more ] suitably desirable. 

[0014] Moreover, such porous membrane made of thermoplastics may have backing by the blanket-like 
object of the fiber made of polypropylene fiber ****** thermoplastics further. 

[0015] 0.05-5.0 micrometers, suitably, the average aperture of the hole of the above-mentioned porous 
membrane made of thermoplastics is 0.1-1.0 micrometers, and 40 - 90% of thing of voidage is more 
preferably desirable [ an aperture ] 30 to 95%. Since the transmission rate of an acid or alkali falls when an 
average aperture is 0.05 micrometers or less, and a mechanical strength becomes low when an average 
aperture is 5.0 micrometers or more, it is not desirable. Moreover, since the transmission rate of an acid or 
alkali falls when voidage is 30% or less, and a mechanical strength becomes low when voidage is 95% or 
more, it is not desirable. 

[0016] Furthermore, the porous membrane made of thermoplastics has that desirable in which what has 
the thickness of 10-150 micrometers is desirable, and usually has the thickness of 20-120 micrometers 
more preferably from a viewpoint of giving a mechanical strength required as the viewpoint of raising a 
transmission rate and supporting lamella of an acid or alkali. That to which such porous membrane made of 
thermoplastics porosity-ized the film made of thermoplastics by the extending method etc. is used. 
[0017] As for the ion exchange membrane of this invention, the opening section of the above-mentioned 
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porous membrane made of thermopiles is filled up with ion exchange resin.^Maough it is not restricted 
especially if it is the functional grod|^^ich can serve as negative or positive^^Pge in a water solution as 
an ion exchange group of ion exchange resin, in the case of a cation-exchange radical, a sulfonic group, a 
carboxylic-acid radical, a phosphonic acid radical, etc. are mentioned, among these, specifically, especially 
a sulfonic group is desirable. Moreover, in the case of an anion-exchange radical, the 1-3rd class amino 
group, the 4th class ammonium, a pyridyl radical, an imidazole group, the 4th class pyridinium radical, etc. 
are mentioned, among these especially the 4th class pyridinium radical is desirable. 

[0018] Although the ion exchange membrane of this invention is thin film which uses the porous membrane 
made of thermoplastics thin like the above as a base material, its water permeability is very small. That is, 
the water permeability in 25 degrees C is 0.1-2x10-8m3/h/100kPa suitably h/100 or lesskPaof 5x1 0~8m3/. 
Moreover, from the thickness of the above-mentioned base material, thickness has the thickness of 10- 
150 micrometers, and has the thickness of 20-120 micrometers preferably. 

[0019] The ion exchange membrane of this invention can perform dialysis of an acid and alkali with the 
outstanding transmission rate, when this is used as the diaphragm for dialysis, especially a diaphragm for 
diffusion dialyses, since water permeability is very small in this way. In addition, it sets to this invention and 
the water permeability of ion exchange membrane is JIS. K It is measured using the pure-water water 
permeability testing device based on 3821. 

[0020] That the water content in the inside of a 0.1 mol/L-sulfuric-acid water solution is 40 - 150% of 
value suitably 30 to 200% can make an acid and alkali penetrate with more sufficient transmission rate, and 
the ion exchange membrane of this invention has it. [ desirable ] The water content of such range is 
controllable by a class, ion exchange capacity, a degree of cross linking, etc. of the ion exchange group 
which the ion exchange resin which exists in the opening section of porous membrane has. 
[0021] Furthermore, as for the ion exchange membrane of this invention, it is desirable that 0.2-5 or more 
mmol/g of ion exchange capacity is 0.5 - 3 mmol/g suitably. 

[0022] the above — although the ion exchange membrane of this invention in description may be 
manufactured by what kind of approach, generally it is manufactured by the following approaches. That is, 
after carrying out impregnation, carrying out reduced pressure deaeration of the monomer constituent 
which consists of the monomer, cross-linking monomer, and polymerization initiator which have the 
functional group or ion exchange group which can introduce an ion exchange group at the porous 
membrane made of thermoplastics, the polymerization of the monomer constituent is carried out and the 
approach of introducing a cation-exchange radical if needed is mentioned. 

[0023] It is used in this manufacture approach, without limiting especially the hydrocarbon system 
monomer used in manufacture of conventionally well-known ion exchange resin as a monomer which has 
the monomer which has the functional group which can introduce an ion exchange group, or an ion 
exchange group. Specifically as a monomer which has the functional group which can introduce a cation- 
exchange radical, styrene, vinyltoluene, a vinyl xylene, alpha methyl styrene, vinyl naphthalene, and alpha- 
halogenation styrene are mentioned. Moreover, as a monomer which has a cation-exchange radical, 
phosphonic acid system monomers, such as carboxylic-acid system monomers, such as sulfonic-acid 
system monomers, such as alpha-halogenation vinyl sulfonic acid, a styrene sulfonic acid, and a vinyl 
sulfonic acid, a methacrylic acid, an acrylic acid, and a maleic anhydride, and a vinyl phosphoric acid, those 
salts, and ester are used. 

[0024] As a monomer which, on the other hand, has the functional group which can introduce an anion- 
exchange radical, styrene, vinyltoluene, chloro methyl styrene, vinylpyridine, a vinyl imidazole, alpha methyl 
styrene, vinyl naphthalene, etc. are mentioned. Moreover, as a monomer which has an anion-exchange 
radical, nitrogen-containing heterocycle system monomers, such as amine system monomers, such as a 
vinylbenzyl trimethylamine and vinylbenzyl triethylamine, vinylpyridine, and a vinyl imidazole, those salts, 
and ester are used. 

[0025] Moreover, especially as a cross-linking monomer, although not restricted, divinyl compounds, such 
as divinylbenzenes, a divinyl sulfone, a butadiene, a chloroprene, divinylbiphenyl, trivinylbenzene, divinyl 
naphthalene, a diaryl amine, and divinyl pyridines, are used, for example. 

[0026] In this invention, these monomers, other monomers which can be copolymerized, and plasticizers 
other than the monomer which has the monomer which has the functional group which can introduce the 
above-mentioned ion exchange group, or an ion exchange group, or a cross-linking monomer may be added 
if needed. As other monomers carried out like this, styrene, acrylonitrile, methyl styrene, an acrolein, a 
methyl vinyl ketone, a vinyl biphenyl, etc. are used, for example. Moreover, as plasticizers, dibutyl phthalate, 
dioctyl phthalate, dimethyl isophthalate, a dibutyl horse mackerel peat, triethyl SHITORETO, acetyl tributyl 
citrate, dibutyl sebacate, etc. are used. 
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' [0027] Next, as a polymerization initfl^r in this invention, a well-known thing^^pnventionally used 
especially without a limit As an ex^HB of such a polymerization initiator, orf^pi peroxide, such as 
octanoyl peroxide, lauroyl peroxide, tH3utylperoxy2-ethylhexanoate, benzoyl peroxide, t-buthylperoxy 
isobuthylate, t-butyl peroxy laurate, t-hexyl peroxy benzoate, and G t-butyl peroxide, is used. 
[0028] In this invention, the blending ratio of coal of each component which constitutes a monomer 
constituent In order to attain the object of this invention, generally As opposed to the monomer 100 weight 
section which has the monomer which has the functional group which can introduce an ion exchange group, 
or an ion exchange group It is suitable to carry out the 0-50 weight section activity of the cross-linking 
monomer to the above-mentioned monomer, when adding the 0-100 weight section and plasticizers for 1 
- 40 weight section, and these monomers and other monomers which can be copolymerized suitably, 0.1 - 
50 weight section and. Moreover, a polymerization initiator has and carries out monomer 100 weight **** 
of the monomer or ion exchange group which has the functional group which can introduce an ion exchange 
group, and it is desirable 0.1 - 20 weight section and to carry out 0.5-10 weight section combination 
suitably. 

[0029] the approach that the restoration approach of the above-mentioned monomer constituent to the 
porous membrane made of thermoplastics which is a base material can be densely filled up with a monomer 
constituent to the detailed section of the hole of this porous membrane — if it can kick, it will not become. 
It is suitable to adopt the approach of carrying out impregnation, carrying out reduced pressure deaeration 
of the above-mentioned monomer constituent at the porous membrane made of thermoplastics. Thus, if 
impregnation is deaerated and carried out under reduced pressure, it will become possible for you to make 
it filled up with a monomer constituent without a clearance to the detailed section of the opening section. 
And the ion exchange membrane which carried out the polymerization of the monomer constituent turns 
into film of description with very small water permeability which said invention in this application specifies 
after this impregnation. 

[0030] Here, impregnation processing while [ above-mentioned ] carrying out reduced pressure deaeration 
is contacted under the reduced pressure to the porous membrane made of thermoplastics of a monomer 
constituent, and, specifically, is performed by returning a pressure to atmospheric pressure. For example, 
the porous membrane made of thermoplastics is immersed in the method of making monomer mixture 
introduced and immersed in a container, after putting the porous membrane made of thermoplastics into a 
container and changing into a reduced pressure condition with a vacuum pump until it returns to 
atmospheric pressure, or the monomer mixture put into the container, and after carrying out reduced 
pressure deaeration of the gas in a hole with a vacuum pump, the approach of returning to atmospheric 
pressure etc. is mentioned. Whenever [ reduced pressure / when decompressing ] has a desirable pressure 
until a monomer boils under 7kPa - working temperature, and it is desirable to adopt from the range of 
2kPa-0.1kPa especially. What is necessary is for the temperature at the time of impregnation to have 
common 20 degrees C or less, and just to usually adopt impregnation time amount suitably in the range for 
5-60 minutes. 

[0031] In order to carry out an after polymerization, the approach of inserting into films, such as polyester, 
generally and carrying out temperature up from ordinary temperature under application of pressure with 
which the porous membrane made of thermoplastics was made to fill up as the monomer constituent was 
described above is desirable. What is necessary is for such polymerization conditions not to be influenced 
by the presentation of the class of polymerization initiator which involves, and a monomer constituent etc., 
not to limit them especially, and just to choose them suitably. 

[0032] If needed, if the filmy material which a polymerization is carried out as mentioned above and 
obtained is well-known cation exchange membrane about this and they are processing of sulfonation, the 
Krol sulfonation, phosphonium-izing, hydrolysis, etc., and anion exchange membrane, it can introduce a 
desired ion exchange group by processing of amination, alkylation, etc., and can use it as ion exchange 
membrane. 
[0033] 

[Effect of the Invention] The ion exchange membrane of this invention has very small water permeability, 
although thickness is the thin film which is 10-150 micrometers, since it fills up with the ion exchange resin 
which was excellent in a mechanical strength or chemical resistance, and constructed the bridge over the 
opening section of the porous membrane made of thermoplastics without the clearance to the detailed 
section. Therefore, when it uses as diaphragms for dialysis, such as electrodialysis and a diffusion dialysis, 
especially a diaphragm for diffusion dialyses, an acid and alkali can be made to be able to penetrate with 
the outstanding transmission rate, and efficient dialysis can be performed. Moreover, since it fills up with 
ion exchange resin densely to the opening section detailed section of the porous membrane made of 
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thermoplastics in this way, the transparency of other impurity ion which leads^Ms hardly produce the 
opening which remains inside, but alHd and alkali can be made to penetrate^^feood permselectivity. 
[0034] Furthermore, it is prevented that a big change does not arise in the membranous amount of water 
penetration, but the further lowering of the transmission rate of the above-mentioned acid or alkali and the 
transparency to the dialysis room of other impurity ion become strong by fluctuation of the operating 
environment under dialysis even when a pressure differential arises between raw material room liquid and 
dialysis room liquid. 

[0035] therefore, ** — the ion exchange membrane of this invention which has description [ like ] can be 
suitably used as the above-mentioned diaphragm for diffusion dialyses. In that case, as an acid dialyzed 
using anion exchange membrane, a sulfuric acid, a hydrochloric acid, a nitric acid, ** fluoric acid, a 
phosphoric acid, etc. are mentioned, and a sodium hydroxide, a potassium hydroxide, etc. are mentioned as 
alkali dialyzed using another side and cation exchange membrane. Especially applying is desirable, in case 
the industrial effluent which such acids and alkali contain is made into a processed liquid and an acid and 
alkali are collected from these. Moreover, the ion exchange membrane of this invention can be used good in 
the activity field of the ion exchange membrane which makes the ion in water solutions, such as film 
separators, such as a diaphragm for dialysis of others, such as electrodialysis, and a redox flow cell, and for 
ion sensors, penetrate using description with small water permeability. 
[0036] 

[Example] Although an example is hereafter given in order to explain this invention to a detail further, this 
invention is not limited to these examples. 

[0037] In addition, the measuring method of the ion exchange capacity used for the characterization of ion 
exchange membrane in the example and the example of a comparison, water content, water permeability, 
and a matter transmission rate is explained below. 

[0038] 1) Ion exchange capacity and water content ion exchange membrane are immersed in 1 mol/L-HCI 
for 10 hours or more. 

[0039] Then, the hydrogen ion mold was made to permute by the sodium ion mold by 1 mol/L-NaCI in the 
case of cation exchange membrane, and the quantum of the hydrogen ion which separated was carried out 
with potentiometric titration equipment (COMTITE-900, Hiranuma Sangyo Co., Ltd. make) (Amol). On the 
other hand, the chloride-ion mold was made to permute by the nitrate ion mold by 1 mol/L-NaN03 in the 
case of anion exchange membrane, and the quantum of the chloride ion which separated was carried out 
with potentiometric titration equipment (COMTITE-900, Hiranuma Sangyo Co., Ltd. make) (Amol). 
[0040] Next, after being immersed in 1 mol/L-HCI for 4 hours or more and fully rinsing the same ion 
exchange membrane with ion exchange water, surface moisture was wiped off for the film with ejection 
tissue paper etc., and the weight at the time of humidity (Wg) was measured. Next, the film was put into the 
reduced-pressure-drying machine, and it was made to dry at 60 degrees C for 5 hours. The weight at the 
time of ejection desiccation (Dg) was measured for the film. 

[0041] Ion exchange capacity and water content were computed by the degree type. 
[0042] Ion exchange capacity = Ax1000/W [mmol/g-desiccation film] 
Water content = 100x (W-D) / D [%] 

2) Water permeability JIS K The pure-water water permeability testing device based on 3821 was used. In 
25 degrees C, the pure-water water permeability testing device was equipped with the ion exchange 
membrane used for measurement by the moisture state. Water permeability was searched for by the 
degree type. 

[0043] C=Q25/PC: Permeable [m3/h/1 OOkPa] 

The transparency flow rate of the water in Q25:25 degree C [m3/h] 
P: Average film differential pressure [kPa] 

3) In the transmission rate anion exchange membrane of an acid and alkali, the liquid which contains 25- 
degree C one mol / L-sulfuric acid, and 0.5 mol/L-magnesium sulfate in one room (undiluted solution room) 
was put in using the two-room eel made of acrylic resin divided by anion exchange membrane, and 25- 
degree C ion exchange water was put into one more room (dialysing fluid room). Both ** were stirred by 
the stirring child, the liquid of a dialysing fluid room was sampled after fixed time amount, the amount of 
transparency of a sulfuric acid was measured with potentiometric titration, and the amount of transparency 
of magnesium sulfate was measured with the atomic absorption spectro-photometer, respectively. 

[0044] Moreover, in cation exchange membrane, in the above-mentioned approach, the liquid containing a 1 
mol/L-sulfuric acid and 0.5 mol/L-magnesium sulfate was replaced with the liquid containing a 3 mol/L- 
sodium hydroxide and a 0.5 mol/L-aluminum hydroxide, same actuation was performed, and the amount of 
transparency of a sodium hydroxide and an aluminum hydroxide was measured. It asked for the 
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transmission rate of each matter by. 
[0045] U=A/(T-S and **C) \ 




degree type. 



U: The transmission rate of an acid or alkali [mol/Hr-m2- (mol/L)] 
A: An acid or the amount of transparency of alkali [mol] 
T: Mixing time [Hr] 

S: Effective film surface product [m2] 

**C: The acid of both ** before and behind stirring, or the logarithmic-mean concentration difference of 
alkali [mol/L] 

According to the presentation table having shown in one to example 5 table 1, various monomers etc. were 
mixed and the monomer constituent was obtained. 400g of obtained monomer constituents was put into 
500ml glassware, and the porous membrane made from polyethylene of weight average molecular weight 
100,000 (A, B, C, D, every 20cmx 20cm) and the porous membrane made from polypropylene of weight 
average molecular weight 150,000 (E, 20cmx20cm) were immersed. 

[0046] Next, glassware was made reduced pressure for 10 minutes to the pressure of 0.7kPa(s) with the 
vacuum pump, after carrying out reduced pressure deaeration, it returned to ordinary pressure and the hole 
of porous membrane was filled up with the monomer constituent. Then, after covering the both sides of 
porous membrane, having used ejection and 1 00-micrometer polyester film as exfoliation material for 
porous membrane out of the monomer constituent, the heating polymerization was carried out at 80 
degrees C under the nitrogen application of pressure of 0.4MPa for 8 hours. 

[0047] The obtained filmy material was immersed at 30 degrees C into the mixture of 1:4 of a methyl iodide 
and a methanol for 24 hours, and pyridinium mold anion exchange membrane was obtained. 
[0048] The thickness of such pyridinium mold anion exchange membrane, ion exchange capacity, water 
content, water permeability, and a matter transmission rate were measured. These results were shown in a 
table 2. 

[0049] Except having not performed reduced pressure deaeration actuation in example of comparison 1 
example 1, the same actuation as an example 1 was performed and pyridinium mold anion exchange 
membrane was obtained. 

[0050] The thickness of this pyridinium mold anion exchange membrane, ion exchange capacity, water 
content, water permeability, and H2S04 transmission rate were measured. This result was shown in a table 
2. 

[0051] Thickness, ion exchange capacity, water content, water permeability, and H2S04 transmission rate 
were similarly measured using the anion exchange membrane (commercial item A; Tokuyama make) 
marketed example of comparison 2. The result was shown in a table 2. 

[0052] Example of comparison 3 polyethylene porous membrane (A) was immersed in 10% benzene solution 
of the polystyrene of a mean molecular weight 200,000 for 5 minutes. Then, polyethylene porous membrane 
was dried at ejection and 50 degrees C out of liquid. After repeating this actuation 5 times, reduced 
pressure drying was carried out at 80 degrees C for 2 hours, and the filmy material was obtained. 
[0053] Methyl alcohol washed, after being immersed in the chloromethyl methyl ether which added 2% of 
the weight of anhydrous salt-ized tin and making the obtained filmy material react at 35 degrees C for 4 
hours. 

[0054] Next, the filmy material which chloromethylated was made to react to the mixed solution of 20:30:50 
of a trimethylamine, an acetone, and ion exchange water at 30 degrees C 30% for 24 hours, and the anion 
exchange membrane which has a quaternary ammonium base as an ion exchange group was obtained. 
[0055] The thickness of this anion exchange membrane, ion exchange capacity, water content, water 
permeability, and H2S04 transmission rate were measured. The result was shown in a table 2. 
[0056] According to the presentation table having shown in six to example 10 table 1, the same 
impregnation as examples 1-5 and polymerization actuation were performed, the obtained filmy material 
was immersed for 45 minutes at 40 degrees C into the mixture of 1:1 of 98% concentrated sulfuric acid and 
the chlorosulfonic acid of 90% or more of purity, and sulfonic acid type cation exchange membrane was 
obtained. 

[0057] The thickness of such sulfonic acid type cation exchange membrane, ion exchange capacity, water 
content, water permeability, and a NaOH transmission rate were measured. These results were shown in a 
table 3. 

[0058] Except having not performed reduced pressure deaeration actuation in example of comparison 4 
example 6, the same actuation as an example 6 was performed and sulfonic acid type cation exchange 
membrane was obtained. 

[0059] The thickness of this sulfonic acid type cation exchange membrane, ion exchange capacity, water 
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content water permeability, and a N^^H transmission rate were measured. Tbj^esult was shown in a 
table 

[0060] Thickness, ion exchange capacity, water content, water permeability, and a NaOH transmission rate 
were similarly measured using the cation exchange membrane (commercial item B; Tokuyama make) 
marketed example of comparison 5. The result was shown in a table 3. 

[0061] Example of comparison 6 polyethylene porous membrane (A) was immersed in 10% benzene solution 

of the polystyrene of a mean molecular weight 200,000 for 5 minutes. Then, polyethylene porous membrane 

was dried at ejection and 50 degrees C out of liquid. After repeating this actuation 5 times, reduced 

pressure drying was carried out at 80 degrees C for 2 hours, and the filmy material was obtained. 

[0062] The obtained filmy material was immersed for 60 minutes at 40 degrees C into 98% concentrated 

sulfuric acid, and sulfonic acid type cation exchange membrane was obtained. The thickness of this sulfonic 

acid type cation exchange membrane, ion exchange capacity, water content, water permeability, and a 

NaOH transmission rate were measured. These results were shown in a table 3. 

[0063] 

[A table 1] 
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[A table 2] 
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[A table 3] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field^oTtJ^^ membrane used for the d «P hra ^ f ° r 

Ssis the diaphragm for cells, a sensor, etc.. especia.ly the ion exchange membrane su,tably used as a 



diaphragm for diffusion dialyses 
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PRIOR ART 



^^^^ K£3EZ exctn£teTrane is 

dialysis, a diaphragm for cells etc. ^^^^^S^o^ out separation recoyery of 

eny^^ 

diffusion dialysis, excelling in a mechanical strength " ^'^^^ fl lm whioh filled up that 
porous membrane made of thermoplast, pa " " ba ^ ™^* hange me mbrana whioh uses suoh 

opening seotion with ion exohanga ream ,s used *T '°" r e e * xamp f e after it carries out impregnation 

porous membrane made of thermo P last,oa as a base Tn„Zr whioh ^a funotional group suitable for 
of the monomer oonstituent whioh cons.sts of „^ ™~™ r ,^f ^rSation catalyst to this porous 

making a solvent remove, etc. (JP.6-32981 5.A, JP.1-22932.A. etc.). 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The ion exchange membrane of this invention has very small water permeability, 
although thickness is the thin film which is 10-150 micrometers, since it fills up with the ion exchange resin 
which was excellent in a mechanical strength or chemical resistance, and constructed the bridge over the 
opening section of the porous membrane made of thermoplastics without the clearance to the detailed 
section. Therefore, when it uses as diaphragms for dialysis, such as electrodialysis and a diffusion dialysis, 
especially a diaphragm for diffusion dialyses, an acid and alkali can be made to be able to penetrate with 
the outstanding transmission rate, and efficient dialysis can be performed. Moreover, since it fills up with 
ion exchange resin densely to the opening section detailed section of the porous membrane made of 
thermoplastics in this way, the transparency of other impurity ion which leads can hardly produce the 
opening which remains inside, but an acid and alkali can be made to penetrate by good permselectivity. 
[0034] Furthermore, it is prevented that a big change does not arise in the membranous amount of water 
penetration, but the further lowering of the transmission rate of the above-mentioned acid or alkali and the 
transparency to the dialysis room of other impurity ion become strong by fluctuation of the operating 
environment under dialysis even when a pressure differential arises between raw material room liquid and 
dialysis room liquid. 

[0035] therefore, ** — the ion exchange membrane of this invention which has description [ like ] can be 
suitably used as the above-mentioned diaphragm for diffusion dialyses. In that case, as an acid dialyzed 
using anion exchange membrane, a sulfuric acid, a hydrochloric acid, a nitric acid, ** fluoric acid, a 
phosphoric acid, etc. are mentioned, and a sodium hydroxide, a potassium hydroxide, etc. are mentioned as 
alkali dialyzed using another side and cation exchange membrane. Especially applying is desirable, in case 
the industrial effluent which such acids and alkali contain is made into a processed liquid and an acid and 
alkali are collected from these. Moreover, the ion exchange membrane of this invention can be used good in 
the activity field of the ion exchange membrane which makes the ion in water solutions, such as film 
separators, such as a diaphragm for dialysis of others, such as electrodialysis, and a redox flow cell, and for 
ion sensors, penetrate using description with small water permeability. 
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monomer constituent which carry out impregnation to the porous 

inv a Hp fullv easilv to the detailed section of the opening section of this base material, a vu.uh 

»005 b ]°Then. when such ion exchange membrane was used as a diaphragm for dialysis, remar* able water 

ease T*l diffusion dialysis to which osmosis of an acid or alkali is performed by only the d,ffus,on 
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MEANS 



[Means for Solving the Problem] this invention person etc. has inquired wholeheartedly in view of the 
above-mentioned technical problem. Consequently, the product made of thermoplastics is used as a base 
material, and it succeeds in water permeability developing very small ion exchange membrane, and came to 
propose this invention. 

[0009] That is, this invention is ion exchange membrane which uses porous membrane made of 
thermoplastics as a base material, and it is the ion exchange membrane with which it comes to fill up the 
opening section ion exchange resin, and thickness is 10-150 micrometers, and is characterized by the 
water permeability of the water in 25 degrees C being h/100 or lesskPaof 5x10-8m3/. 
[0010] Moreover, this invention also offers the diaphragm for diffusion dialyses which consists of the 
above-mentioned ion exchange membrane. 

[001 1] That is, the description of this invention is in ion exchange resin and the point of filling up with the 
so-called ion exchange resin of a hydrocarbon system especially, thoroughly substantially at the opening 
section by this free passage hole of the porous membrane made of thermoplastics. The water permeability 
of the ion exchange membrane of this invention can be set as the range of desired by the high hydrocarbon 
system ion exchange resin of the hydration force serving as ion exchange membrane of the gestalt 
distributed in the porous membrane made of thermoplastics in this way, raising the restoration nature of 
the ion exchange resin to this porous membrane made of thermoplastics, and adjusting ion exchange 
capacity and fixed ion concentration. 

[0012] Here, thermoplastics is used without a limit of polyamide resin, such as fluorine system resin; nylon 
6, such as vinyl chloride system resin; polytetrafluoroethylenes, such as a polyvinyl chloride, a vinyl chloride 
vinyl acetate copolymer, a vinyl chloride-vinylidene-chloride copolymer, and a vinyl chloride-olefine 
copolymer, poly trifluoro ethylene, polychlorotrifluoroethylene resin, Pori (tetrafluoroethylene- 
hexafluoropropylene), and Pori (tetrafluoroethylene-perfluoro-alkyl ether), and Nylon 66, etc. Since it has 
reached to an extreme to a mechanical strength, chemical stability, and chemical resistance, it is desirable 
especially to use polyolefin resin. 

[0013] As polyolefin resin, the homopolymer or copolymers of an alpha olefin, such as ethylene, a 
propylene, 1-butene, 1-pentene, 1-hexene, a 3-methyl-1-butene, 4~methyl-1-pentene, and a 5-methyl-1- 
heptene, are mentioned. Among these, in this invention, polyethylene and polypropylene are desirable and 
especially polyethylene is desirable. As for the weight average molecular weight of polyolefin resin, 10,000- 
500,000 are [ 10,000 or more ] suitably desirable. 

[0014] Moreover, such porous membrane made of thermoplastics may have backing by the blanket-like 
object of the fiber made of polypropylene fiber ****** thermoplastics further. 

[0015] 0.05-5.0 micrometers, suitably, the average aperture of the hole of the above-mentioned porous 
membrane made of thermoplastics is 0.1-1.0 micrometers, and 40 - 90% of thing of voidage is more 
preferably desirable [ an aperture ] 30 to 95%. Since the transmission rate of an acid or alkali falls when an 
average aperture is 0.05 micrometers or less, and a mechanical strength becomes low when an average 
aperture is 5.0 micrometers or more, it is not desirable. Moreover, since the transmission rate of an acid or 
alkali falls when voidage is 30% or less, and a mechanical strength becomes low when voidage is 95% or 
more, it is not desirable. 

[0016] Furthermore, the porous membrane made of thermoplastics has that desirable in which what has 
the thickness of 10-150 micrometers is desirable, and usually has the thickness of 20-120 micrometers 
more preferably from a viewpoint of giving a mechanical strength required as the viewpoint of raising a 
transmission rate and supporting lamella of an acid or alkali. That to which such porous membrane made of 
thermoplastics porosity-ized the film made of thermoplastics by the extending method etc. is used. 
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[00171 As for the ion exchange men^gne of this invention, the opening sectia^af the above-mentioned 
porous membrane made of thermof^^^cs is filled up with ion exchange resin.^^^ough it is not restricted 
especially if it is the functional group which can serve as negative or positive charge in a water solution as 
an ion exchange group of ion exchange resin, in the case of a cation-exchange radical, a sulfonic group, a 
carboxylic-acid radical, a phosphonic acid radical, etc. are mentioned, among these, specifically, especially 
a sulfonic group is desirable. Moreover, in the case of an anion-exchange radical, the 1-3rd class amino 
group, the 4th class ammonium, a pyridyl radical, an imidazole group, the 4th class pyridinium radical, etc. 
are mentioned, among these especially the 4th class pyridinium radical is desirable. 

[0018] Although the ion exchange membrane of this invention is thin film which uses the porous membrane 
made of thermoplastics thin like the above as a base material, its water permeability is very small. That is, 
the water permeability in 25 degrees C is 0.1-2x10-8m3/h/1 OOkPa suitably h/100 or lesskPaof 5x10-8m3/. 
Moreover, from the thickness of the above-mentioned base material, thickness has the thickness of 10- 
150 micrometers, and has the thickness of 20-120 micrometers preferably. 

[0019] The ion exchange membrane of this invention can perform dialysis of an acid and alkali with the 
outstanding transmission rate, when this is used as the diaphragm for dialysis, especially a diaphragm for 
diffusion dialyses, since water permeability is very small in this way. In addition, it sets to this invention and 
the water permeability of ion exchange membrane is JIS. K It is measured using the pure-water water 
permeability testing device based on 3821. 

[0020] That the water content in the inside of a 0.1 mol/L-sulfuric-acid water solution is 40 - 150% of 
value suitably 30 to 200% can make an acid and alkali penetrate with more sufficient transmission rate, and 
the ion exchange membrane of this invention has it. [ desirable ] The water content of such range is 
controllable by a class, ion exchange capacity, a degree of cross linking, etc. of the ion exchange group 
which the ion exchange resin which exists in the opening section of porous membrane has. 
[0021] Furthermore, as for the ion exchange membrane of this invention, it is desirable that 0.2-5 or more 
mmol/g of ion exchange capacity is 0.5 - 3 mmol/g suitably. 

[0022] the above — although the ion exchange membrane of this invention in description may be 
manufactured by what kind of approach, generally it is manufactured by the following approaches. That is, 
after carrying out impregnation, carrying out reduced pressure deaeration of the monomer constituent 
which consists of the monomer, cross-linking monomer, and polymerization initiator which have the 
functional group or ion exchange group which can introduce an ion exchange group at the porous 
membrane made of thermoplastics, the polymerization of the monomer constituent is carried out and the 
approach of introducing a cation-exchange radical if needed is mentioned. 

[0023] It is used in this manufacture approach, without limiting especially the hydrocarbon system 
monomer used in manufacture of conventionally well-known ion exchange resin as a monomer which has 
the monomer which has the functional group which can introduce an ion exchange group, or an ion 
exchange group. Specifically as a monomer which has the functional group which can introduce a cation- 
exchange radical, styrene, vinyltoluene, a vinyl xylene, alpha methyl styrene, vinyl naphthalene, and alpha- 
halogenation styrene are mentioned. Moreover, as a monomer which has a cation-exchange radical, 
phosphonic acid system monomers, such as carboxylic-acid system monomers, such as sulfonic-acid 
system monomers, such as alpha-halogenation vinyl sulfonic acid, a styrene sulfonic acid, and a vinyl 
sulfonic acid, a methacrylic acid, an acrylic acid, and a maleic anhydride, and a vinyl phosphoric acid, those 
salts, and ester are used. 

[0024] As a monomer which, on the other hand, has the functional group which can introduce an anion- 
exchange radical, styrene, vinyltoluene, chloro methyl styrene, vinylpyridine, a vinyl imidazole, alpha methyl 
styrene, vinyl naphthalene, etc. are mentioned. Moreover, as a monomer which has an anion-exchange 
radical, nitrogen-containing heterocycle system monomers, such as amine system monomers, such as a 
vinylbenzyl trimethylamine and vinylbenzyl triethylamine, vinylpyridine, and a vinyl imidazole, those salts, 
and ester are used. 

[0025] Moreover, especially as a cross-linking monomer, although not restricted, divinyl compounds, such 
as divinylbenzenes, a divinyl sulfone, a butadiene, a chloroprene, divinylbiphenyl, trivinylbenzene, divinyl 
naphthalene, a diaryl amine, and divinyl pyridines, are used, for example. 

[0026] In this invention, these monomers, other monomers which can be copolymerized, and plasticizers 
other than the monomer which has the monomer which has the functional group which can introduce the 
above-mentioned ion exchange group, or an ion exchange group, or a cross-linking monomer may be added 
if needed. As other monomers carried out like this, styrene, acrylonitrile, methyl styrene, an acrolein, a 
methyl vinyl ketone, a vinyl biphenyl, etc. are used, for example. Moreover, as plasticizers, dibutyl phthalate, 
dioctyl phthalate, dimethyl isophthalate, a dibutyl horse mackerel peat, triethyl SHITORETO, acetyl tributyl 
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citrate, dibutyl sebacate, etc. are us 



[0027] Next, as a polymerization ini^^r in this invention, a well-known thing^^Ponventionally used 
especially without a limit. As an example of such a polymerization initiator, organic peroxide, such as 
octanoyl peroxide, lauroyl peroxide, t-butylperoxy2-ethylhexanoate, benzoyl peroxide, t-buthylperoxy 
isobuthylate, t-butyl peroxy laurate, t-hexyl peroxy benzoate, and G t-butyl peroxide, is used. 
[0028] In this invention, the blending ratio of coal of each component which constitutes a monomer 
constituent In order to attain the object of this invention, generally As opposed to the monomer 100 weight 
section which has the monomer which has the functional group which can introduce an ion exchange group, 
or an ion exchange group It is suitable to carry out the 0-50 weight section activity of the cross-linking 
monomer to the above-mentioned monomer, when adding the 0-100 weight section and plasticizers for 1 
- 40 weight section, and these monomers and other monomers which can be copolymerized suitably, 0.1 - 
50 weight section and. Moreover, a polymerization initiator has and carries out monomer 100 weight **** 
of the monomer or ion exchange group which has the functional group which . can introduce an ion exchange 
group, and it is desirable 0.1 - 20 weight section and to carry out 0.5-10 weight section combination 
suitably. 

[0029] the approach that the restoration approach of the above-mentioned monomer constituent to the 
porous membrane made of thermoplastics which is a base material can be densely filled up with a monomer 
constituent to the detailed section of the hole of this porous membrane — if it can kick, it will not become. 
It is suitable to adopt the approach of carrying out impregnation, carrying out reduced pressure deaeration 
of the above-mentioned monomer constituent at the porous membrane made of thermoplastics. Thus, if 
impregnation is deaerated and carried out under reduced pressure, it will become possible for you to make 
it filled up with a monomer constituent without a clearance to the detailed section of the opening section. 
And the ion exchange membrane which carried out the polymerization of the monomer constituent turns 
into film of description with very small water permeability which said invention in this application specifies 
after this impregnation. 

[0030] Here, impregnation processing while [ above-mentioned ] carrying out reduced pressure deaeration 
is contacted under the reduced pressure to the porous membrane made of thermoplastics of a monomer 
constituent, and, specifically, is performed by returning a pressure to atmospheric pressure. For example, 
the porous membrane made of thermoplastics is immersed in the method of making monomer mixture 
introduced and immersed in a container, after putting the porous membrane made of thermoplastics into a 
container and changing into a reduced pressure condition with a vacuum pump until it returns to 
atmospheric pressure, or the monomer mixture put into the container, and after carrying out reduced 
pressure deaeration of the gas in a hole with a vacuum pump, the approach of returning to atmospheric 
pressure etc. is mentioned. Whenever [ reduced pressure / when decompressing ] has a desirable pressure 
until a monomer boils under 7kPa - working temperature, and it is desirable to adopt from the range of 
2kPa-0.1kPa especially. What is necessary is for the temperature at the time of impregnation to have 
common 20 degrees C or less, and just to usually adopt impregnation time amount suitably in the range for 
5-60 minutes. 

[0031] In order to carry out an after polymerization, the approach of inserting into films, such as polyester, 
generally and carrying out temperature up from ordinary temperature under application of pressure with 
which the porous membrane made of thermoplastics was made to fill up as the monomer constituent was 
described above is desirable. What is necessary is for such polymerization conditions not to be influenced 
by the presentation of the class of polymerization initiator which involves, and a monomer constituent etc., 
not to limit them especially, and just to choose them suitably. 

[0032] If needed, if the filmy material which a polymerization is carried out as mentioned above and 
obtained is well-known cation exchange membrane about this and they are processing of sulfonation, the 
Krol sulfonation, phosphonium-izing, hydrolysis, etc., and anion exchange membrane, it can introduce a 
desired ion exchange group by processing of amination, alkylation, etc., and can use it as ion exchange 
membrane. 
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EXAMPLE 



[Example] Although an example is hereafter given in order to explain this invention to a detail further, this 
invention is not limited to these examples. 

[0037] In addition, the measuring method of the ion exchange capacity used for the characterization of ion 
exchange membrane in the example and the example of a comparison, water content, water permeability, 
and a matter transmission rate is explained below. 

[0038] 1) Ion exchange capacity and water content ion exchange membrane are immersed in 1 mol/L-HCI 
for 1 0 hours or more. 

[0039] Then, the hydrogen ion mold was made to permute by the sodium ion mold by 1 mol/L-NaCI in the 
case of cation exchange membrane, and the quantum of the hydrogen ion which separated was carried out 
with potentiometric titration equipment (COMTITE-900, Hiranuma Sangyo Co., Ltd. make) (Amol). On the 
other hand, the chloride-ion mold was made to permute by the nitrate ion mold by 1 mol/L-NaN03 in the 
case of anion exchange membrane, and the quantum of the chloride ion which separated was carried out 
with potentiometric titration equipment (COMTITE-900, Hiranuma Sangyo Co., Ltd. make) (Amol). 
[0040] Next after being immersed in 1 mol/L-HCI for 4 hours or more and fully rinsing the same ion 
exchange membrane with ion exchange water, surface moisture was wiped off for the film with ejection 
tissue paper etc., and the weight at the time of humidity (Wg) was measured. Next, the film was put into the 
reduced-pressure-drying machine, and it was made to dry at 60 degrees C for 5 hours. The weight at the 
time of ejection desiccation (Dg) was measured for the film. 

[0041] Ion exchange capacity and water content were computed by the degree type. 
[0042] Ion exchange capacity = Ax1000/W [mmol/g-desiccation film] 
Water content = 100x (W-D) / D [%] 

2) Water permeability JIS K The pure-water water permeability testing device based on 3821 was used. In 
25 degrees C, the pure-water water permeability testing device was equipped with the ion exchange 
membrane used for measurement by the moisture state. Water permeability was searched for by the 
degree type. 

[0043] C=Q25/PC: Permeable [m3/h/1 OOkPa] 

The transparency flow rate of the water in Q25:25 degree C [m3/h] 
P: Average film differential pressure [kPa] 

3) In the transmission rate anion exchange membrane of an acid and alkali, the liquid which contains a 25- 
degree C 1 mol/L-sulfuric acid and 0.5 mol/L-magnesium sulfate in one room (undiluted solution room) 
was put in using the two-room eel made of acrylic resin divided by anion exchange membrane, and 25- 
degree C ion exchange water was put into one more room (dialysing fluid room). Both ** were stirred by 
the stirring child, the liquid of a dialysing fluid room was sampled after fixed time amount, the amount of 
transparency of a sulfuric acid was measured with potentiometric titration, and the amount of transparency 
of magnesium sulfate was measured with the atomic absorption spectro-photometer, respectively. 

[0044] Moreover, in cation exchange membrane, in the above-mentioned approach, the liquid containing a 1 
mol/L-sulfuric acid and 0.5 mol/L-magnesium sulfate was replaced with the liquid containing a 3 mol/L- 
sodium hydroxide and a 0.5 mol/L-aluminum hydroxide, same actuation was performed, and the amount of 
transparency of a sodium hydroxide and an aluminum hydroxide was measured. It asked for the 
transmission rate of each matter by the degree type. 
[0045] U=A/(T-S and **C) 

U: The transmission rate of an acid or alkali [mol/Hr-m2- (mol/L)] 
A: An acid or the amount of transparency of alkali [mol] 
T: Mixing time [Hr] 
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S: Effective film surface product [m2]i^| 

**C: The acid of both ** before and b^d stirring, or the logarithmic-mean co^ptration difference ot 

AccordTn 0 g / to 1 the presentation table having shown in one to example 5 table 1. various monomers etc. were 
mixed and the monomer constituent was obtained. 400g of obtained monomer constituents was put into 
500ml glassware, and the porous membrane made from polyethylene of weight average molecular weight 
100 000 (A, B. C. D. every 20cmx 20cm) and the porous membrane made from polypropylene of weight 
average molecular weight 1 50.000 (E, 20cmx20cm) were immersed. 

[0046] Next, glassware was made reduced pressure for 10 minutes to the pressure of 0.7kPa(s) with the 
vacuum pump, after carrying out reduced pressure deaeration. it returned to ordinary Pressure and the hole 
of porous membrane was filled up with the monomer constituent. Then, after covering the both sides of 
porous membrane, having used ejection and 1 00-micrometer polyester film as exfoliation material for 
porous membrane out of the monomer constituent, the heating polymerization was earned out at 80 
degrees C under the nitrogen application of pressure of 0.4MPa for 8 hours. 

[0047] The obtained filmy material was immersed at 30 degrees C into the mixture of 1:4 of a methyl .od.de 
and a methanol for 24 hours, and pyridinium mold anion exchange membrane was obtained. 
[0048] The thickness of such pyridinium mold anion exchange membrane, ion exchange capacity, water 
content, water permeability, and a matter transmission rate were measured. These results were shown in a 

[0049] 2 Except having not performed reduced pressure deaeration actuation in example of comparison 1 
example 1. the same actuation as an example 1 was performed and pyridinium mold an.on exchange 

membrane was obtained. , .. ,„ 

[0050] The thickness of this pyridinium mold anion exchange membrane, .on exchange capacity, water 
content, water permeability, and H2S04 transmission rate were measured. This result was shown in a table 

[0051] Thickness, ion exchange capacity, water content, water permeability, and H2S04 transmission rate 
were similarly measured using the anion exchange membrane (commercial item A; Tokuyama make; 
marketed example of comparison 2. The result was shown in a table 2. ..„,___ , ,■ 

[0052] Example of comparison 3 polyethylene porous membrane (A) was immersed in 10% benzene solution 
of the polystyrene of a mean molecular weight 200.000 for 5 minutes. Then, polyethylene porous membrane 
was dried at ejection and 50 degrees C out of liquid. After repeating this actuation 5 times, reduced 
pressure drying was carried out at 80 degrees C for 2 hours, and the filmy mat e rial was obta.ned 
[0053] Methyl alcohol washed, after being immersed in the chloromethyl methyl ether which added 2k of 
the weight of anhydrous salt-ized tin and making the obtained filmy material react at 35 degrees C for 4 

[0054] Next the filmy material which chloromethylated was made to react to the mixed solution of 20:30:50 
of a trimethylamine, an acetone, and ion exchange water at 30 degrees C 30% for 24 hours, and the anion 
exchange membrane which has a quaternary ammonium base as an ion exchange group was obta.ned. 
[0055] The thickness of this anion exchange membrane, ion exchange capacity, water content, water 
permeability and H2S04 transmission rate were measured. The result was shown in a table 2. 
[0056] According to the. presentation table having shown in six to example 10 table 1 , the same 
impregnation as examples 1-5 and polymerization actuation were performed, the obtained filmy material 
was immersed for 45 minutes at 40 degrees C into the mixture of 1:1 of 98% concentrated sulfuric acid and 
the chlorosulfonic acid of 90% or more of purity, and sulfonic acid type cation exchange membrane was 

[0057] e The thickness of such sulfonic acid type cation exchange membrane, ion exchange capacity, water 
content, water permeability, and a NaOH transmission rate were measured. These results were shown ,n a 

[0058] 3 Except having not performed reduced pressure deaeration actuation in example of comparison 4 
example 6. the same actuation as an example 6 was performed and sulfonic acid type cat.on exchange 

membrane was obtained. .. 

[0059] The thickness of this sulfonic acid type cation exchange membrane, .on exchange capacity, water 
content, water permeability, and a NaOH transmission rate were measured. This result was shown in a 
table 3 

[0060] Thickness, ion exchange capacity, water content, water permeability, and a NaOH transm.ss.on rate 
were similarly measured using the cation exchange membrane (commercial .tern B; Tokuyama make; 
marketed example of comparison 5. The result was shown in a table 3. 
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[0061] Example of comparison 6 pob^|nylene porous membrane (A) was imm^ki in 10% benzene solution 

of the polystyrene of a mean molec'^^weight 200,000 for 5 minutes. Then, pl^Rhylene porous membrane 

was dried at ejection and 50 degrees C out of liquid. After repeating this actuation 5 times, reduced 

pressure drying was carried out at 80 degrees C for 2 hours, and the filmy material was obtained. 

[0062] The obtained filmy material was immersed for 60 minutes at 40 degrees C into 98% concentrated 

sulfuric acid, and sulfonic acid type cation exchange membrane was obtained. The thickness of this sulfonic 

acid type cation exchange membrane, ion exchange capacity, water content, water permeability, and a 

NaOH transmission rate were measured. These results were shown in a table 3. 

[0063] 

[A table 1] 
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80 






10 


5 


7 


B 


80 






10 


5 


8 


C 


80 






10 


5 


9 


D 


80 






10 


5 


10 


E 


60 






10 


5 
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[0064] 

[A table 2] 

£2 











x 10* 












H 2 S0 4 


MgS0 4 

Cassis 


1 


32 


2.6 


68 


1.2 


26 


0.091 


2 


63 


2.7 


70 


0.9 


22 


0.083 


3 


87 


3.1 


72 


0.6 


18 


0.076 


4 


115 


3.2 


80 


0.6 


15 


0.066 


5 


58 


2.5 


.68 


0.8 


20 


0.078 


tt^3 


30 
150 
29 


1.6 
3.5 
0.2 


55 
80 
30 


29.2 
7.0 
82.4 


12 
6 
9 


1.035 
0.101 
2.024 



**>3£»M[mmo1/g-««k|K] 

H 2 SO«2Sia&J£ Cmol ■ Hr" 1 • rrT 2 ■ (mol • L)" ! ] 
MgSO^iaiSSCmol-Hr^m^'Cmol-L)"'] 
2l7Kt4[m 3 /Hr/100kPa] 

[0065] 

[A table 3] 
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4/4 ^— v 



m. 











13s -.L* I 




3\ Ftp 










x 1 O a 


NaOH 


AI(OH)3 
















6 


35 


2.7 


59 


1.3 


5.2 


0.072 


7 


62 


2.6 


58 


0.8 


4.6 


0.061 


8 


88 


3.0 


69 


0.6 


4.2 


0.049 


9 


114 


3.1. 


72 


0.4 


3.8 


0.033 


10 


59 


2.6 


62 


0.8 


4.7 


0.055 




31 


2.1 


60 


60.7 


3.3 


0.986 




180 


2.5 


51 


8.8 


1.2 


0.572 


Jt««6 


31 


0.2 


32 


70.4 


3 


0.802 



■**>3^S«[mmol/g-ft»K] 

NaOHSi®3$JS[mol-Hr 1 -m -2 ' (mol ■_)"'] 
AI(OH) 3 Sia^S [ mol • Hr" 1 - m" 2 - ( mol ■ L) " 1 ] 
[m 3 /Hr/1 OOkPa] 



[Translation done.] 
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